1. Introduction
===============

Gastric cancer is the fourth most common cause of cancer-related death, primarily because most patients present with the advanced stage of the disease.^\[[@R1]\]^ Surgical resection is a crucial intervention and remains the mainstay in the treatment of gastric cancer.^\[[@R2]\]^ However, the surgical insult itself can induce an acute systemic inflammatory response.^\[[@R3]\]^ Moreover, several studies have reported that surgery increases shedding of malignant cells into the blood and lymphatic circulations,^\[[@R4]\]^ local and systemic levels of growth factors,^\[[@R5]\]^ and the presence of circulating tumor cells, which is associated with shorter overall survival.^\[[@R6]--[@R8]\]^

Numerous effects of various anesthetic drugs on perioperative immune status have been documented.^\[[@R9]\]^ Moreover, accumulating evidence emphasizes the importance of the perioperative period in determining the risk of postoperative cancer recurrence and metastasis.^\[[@R10]\]^ Therefore, the choice of the anesthetic drug and analgesic approach used during surgery has long been proposed to influence oncological outcomes.^\[[@R11]\]^ Volatile anesthetics (VA) and propofol are widely used for general anesthesia. More recent cellular in vitro and in vivo studies exploring pathways by which choice of the anesthetic drug may directly or indirectly promote or prevent cancer. In vitro studies showed that VA, such as isoflurane and sevoflurane, suppress natural killer (NK) cell cytotoxicity, and increase insulin-like growth factors and hypoxia-inducible factor-1α, which can increase the malignancy potential of cancer cells via proliferation, migration, angiogenesis, and chemoresistance.^\[[@R12]--[@R14]\]^ On the other hand, a number of studies have demonstrated that propofol may exert antitumor effects via various mechanisms, including promotion of NK cell cytotoxicity, and reduction of colon cancer cell motility and invasion.^\[[@R15]\]^ The neuroepithelial cell transforming 1 gene has a role in promoting migration in breast adenocarcinoma; propofol anesthesia is associated with reduced neuroepithelial cell transforming 1 expression in vitro.^\[[@R16]\]^ Ren et al^\[[@R17]\]^ reported that propofol not only potentiated the expression of cluster of differentiation 28 co-stimulator on peripheral T-helper cells, but also increased the ratio of interferon-c/interleukin-4, indicating that it might initiate the activation and differentiation of T-helper lymphocytes, a key step in antitumor immune responses. These results lead to the hypothesis that administering patient propofol anesthesia may provide survival advantages. To the best of our knowledge, only 1 study has reported the effect of VA and propofol on the survival of patients with gastric cancer.^\[[@R18]\]^

In this retrospective study, we investigated the association of propofol and desflurane anesthesia with long-term survival, local recurrence, and postoperative distant metastasis of patients undergoing gastric cancer surgery.

2. Material and methods
=======================

2.1. Ethical approval
---------------------

The ethics committee of the Tri-Service General Hospital (TSGH), Taipei, Taiwan, Republic of China approved the study design on May 9th, 2017 (TSGH IRB No: 1--106- 05--094) and waived the requirement for obtaining informed consent and patient records.

2.2. Study population
---------------------

This retrospective study included patients who visited our hospital and were diagnosed with gastric cancer between July 1st, 2006 to June 30th, 2016. We obtained the following information: demographic data; cancer stage; American Society of Anesthesiology (ASA) score; duration of surgery and anesthesia; type of anesthetic used; degree of differentiation of tumor; preoperative or postoperative adjuvant chemotherapy, and/or radiation therapy; and length of hospital stay. The status of patients until July 1st, 2017 were retrieved from the medical records and electronic database of the TSGH.

2.3. Inclusion and exclusion criteria
-------------------------------------

No form of premedication was used before induction of anesthesia. On arrival at the operating room, regular monitoring of parameters such as noninvasive blood pressure, electrocardiography (lead II), pulse oximetry, end-tidal carbon dioxide and securing a radial artery line and central venous catheter were initiated for each patient throughout the surgery. The type of anesthesia was selected according to the anesthetist\'s preference. A total of 408 cases with ASA scores II--III, who had undergone elective gastric cancer surgery for tumor-node-metastasis (TNM) stage I-- IV gastric cancer under propofol (propofol group, n = 190) or desflurane (desflurane group, n = 218) anesthesia were considered for inclusion in the study. Fifty-two cases were excluded from the analysis. The exclusion criteria were combined propofol with VA or epidural anesthesia, incomplete data, or age \< 20 years (Fig. [1](#F1){ref-type="fig"}).

![Flow diagram detailing the selection of patients included in the retrospective analysis. Fifty-two patients were excluded due to combined propofol anesthesia with inhalation anesthesia, incomplete data, or age less than 20 yr.](medi-99-e20714-g001){#F1}

2.4. Anesthesia induction
-------------------------

In the propofol group (n = 190), anesthesia was induced with intravenous fentanyl (2 μg/kg) and 2% lidocaine (1.5 mg/kg). Continuous infusion of propofol (Fresofol 1%) was initiated subsequently using Schneider\'s kinetic model of target-controlled infusion (TCI; Fresenius Orchestra Primea, Fresenius Kabi AG, Bad Homburg, Germany) with an effect-site concentration (Ce) of 4.0 μg/mL. Rocuronium (0.6 mg/kg) was administered when patients lost consciousness, followed by tracheal intubation. Anesthesia was maintained using TCI with propofol Ce 3 μg/mL to 4 μg/mL and an oxygen flow of 0.3 L/min with 100% fractional inspired oxygen concentration. Repetitive bolus injections of cisatracurium and fentanyl were administered as required throughout the procedure. In the desflurane group (n = 218), anesthesia was induced with intravenous fentanyl (2 μg/kg), 2% lidocaine (1.5 mg/kg), and propofol (1.5--2 mg/kg). When patients lost consciousness, 0.6 mg/kg rocuronium or 1.5 mg/kg to 2.0 mg/kg succinylcholine was administered, followed by endotracheal intubation. Anesthesia was maintained by 8% to 12% desflurane in a 100% oxygen flow of 0.3 L/min under a closed system. Repetitive bolus injections of cisatracurium and fentanyl were administered as required throughout the procedure.

2.5. Main outcome
-----------------

The main end-point was overall survival, which was compared between the groups that had received propofol or desflurane as the main anesthetic agent. Survival time was defined as the interval between the date of surgery and the date of outcome, emigration, or end of follow-up in May 2017.

2.6. Data collection
--------------------

The retrospectively collected data included anesthetic technique; time since the earliest included patient (which served as a surrogate of the calendar year); sex; age at the time of surgery; TNM stage of the primary tumor; preoperative functional status, such as metabolic equivalents (patients were grouped according to whether their metabolic equivalents were greater than or equal to 4 or less than 4 because the perioperative cardiac and long-term risks increase in patients with less than 4 metabolic equivalents during most normal daily activities^\[[@R19]\]^); use of adjuvant chemotherapy; use of postoperative non-steroidal anti-inflammatory drugs (NSAIDs); grade of surgical complications determined using the Clavien-Dindo classification; postoperative recurrence; and postoperative metastasis. Preoperative morbidity was assessed using the ASA physical status score of I (least morbidity) to V (highest), as determined by the anesthesiologist preoperatively. Ten-year survival in patients with multiple comorbidities was predicted using the Charlson Comorbidity Index (CCI) of 0 (least comorbidity) to 37 (highest). The grade of surgical complication was scaled from 0 (none) to V (maximum) according to the Clavien-Dindo classification. These variables were chosen as potential confounders as they have either been shown, or posited, to affect the outcome.

2.7. Statistical analysis
-------------------------

Patient characteristics and death rates were compared between different anesthetics using the *t*-test or the chi-squared test. Survival and type of anesthesia were depicted visually by a Kaplan-Meier survival curve. The relationship between the choice of anesthetic (propofol or desflurane) and survival was analyzed using the Cox proportional-hazards model with and without adjustment for sex, age, ASA score, TNM stage, chemotherapy, and local recurrence. Subgroup analysis was performed for postoperative distant metastasis because a significant interaction of metastasis was found with the relationship between the type of anesthesia and survival. Results were presented as mean ± standard deviation or number (percentage) or as median with interquartile range, as appropriate. The SPSS software (version 16.0.1; IBM Corp, Armonk, NY) was used for the statistical analyses; *P*-values \< .05 were considered statistically significant.

Propensity Score Matching using preoperative variables was performed to select the most similar propensity scores (with calipers set at 0.2 standard deviation of the logit of the propensity score) for the anesthetic drugs used: propofol or desflurane in a 1:1 ratio. Since 'time since the earliest included patient' and 'ASA stage' were still significantly different between two groups, further exact matching of these 2 variables was carried out to enhance the comparability. Data were presented as mean ± standard deviation or number (percentage), as appropriate; *P*-values \< .05 were considered statistically significant.

3. Results
==========

Our study included 408 patients with gastric cancer, out of which 190 received propofol and 218 received desflurane. The patient characteristics and treatment details are shown in Table [1](#T1){ref-type="table"}. Time since the earliest included patient was shorter in the desflurane group (5.0 ± 2.4 years) than in the propofol group (5.5 ± 2.1 years, *P* = .012). There were no age differences between the desflurane (66.0 ± 15.0 years) and propofol (65.0 ± 14.0 years, *P* = .456) groups. The CCI score was higher in the desflurane group (5.9 ± 2.4) than in the propofol group (5.5 ± 2.5, *P* = .090). The desflurane group had significantly more patients with an ASA score of III (*P* \< .001) and preoperative functional status of less than 4 metabolic equivalents (*P* = .013). The TNM stage differed significantly between the desflurane and propofol groups (*P* = .006). Patients in the propofol group were more prone to have TNM stage I cancer, and patients in the desflurane group were more prone to have TNM stage III cancer. Moreover, the tumor size was significantly larger in the desflurane group (\> 3 cm, 58%) than in the propofol group (\> 3 cm, 56%) (*P* \< .001).

###### 

Patients' and treatment characteristics for overall group and matched group after propensity scoring.
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The overall mortality rate was significantly higher in the desflurane group (56%) than in the propofol group (34%) during follow-up (*P* \< .001). In addition, a greater percentage of patients in the desflurane group (41%) exhibited postoperative metastasis than in the propofol group (19%, *P* \< .001). A greater percentage of patients in the desflurane group (1%) exhibited postoperative recurrence than in the propofol group (0%, *P* = .252). The use of patient-controlled analgesia (fentanyl) was significantly higher in the propofol group (131, 69%) than in the desflurane group (111, 51%) during follow-up (*P* \< .001). No significant differences were found between the groups in terms of sex, adjuvant chemotherapy, use of postoperative NSAIDs, or grade of surgical complications.

Due to the significant differences in baseline characteristics between the 2 groups, we used a series of algorithms to obtain a propensity score. After matching, 167 pairs were formed. (Table [1](#T1){ref-type="table"}).

The overall mortality risk associated with the use of propofol and desflurane during gastric cancer surgery is shown in Table [2](#T2){ref-type="table"}. Overall survival from the date of surgery, grouped according to the anesthesia type and other variables, was compared separately using a univariable Cox model, and subsequently, a multivariable Cox regression. Other variables that significantly increased the risk of death after multivariable analysis were higher ASA scores, higher TNM stage and total gastrectomy (Table [2](#T2){ref-type="table"}).

###### 

Cox proportional hazards regression for mortality: univariable and multivariable models for overall patients.
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The subgroup analyses for TNM Stage, presence of postoperative metastasis, gastrectomy, and disease progression are shown in Table [3](#T3){ref-type="table"}. Due to the interaction effect between the type of anesthesia and TNM stage (*P* = .754) and postoperative metastasis (*P* = .002) on survival, all analyses were stratified by these 2 variables. Patients who received propofol also exhibited better survival than those who received desflurane, regardless of the presence or absence of postoperative metastasis. For patients with postoperative distant metastasis, the crude hazard ratio (HR) was 1.16 (95% confidence interval \[CI\], 0.77--1.74; *P* = .477), the propensity score-adjusted HR was 1.06 (95% CI, 0.70--1.59; *P* = .788), and the propensity score-matched HR was 1.36 (95% CI, 0.86--2.15; *P* = .186). For patients without postoperative metastasis, the crude HR was 0.45 (95% CI, 0.28--0.71; *P* \< .001), the propensity score-adjusted HR was 0.66 (95% CI, 0.41--1.06; *P* = .086), and the propensity score-matched HR was 0.66 (95% CI, 0.41--1.08; *P* = .101; Table [3](#T3){ref-type="table"}).

###### 

Subgroup analyses for TNM stage, presence of postoperative metastasis, gastrectomy, and disease progression (propofol vs desflurane).
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Patients who received propofol exhibited better survival than those who received desflurane, regardless of their TNM stage. For lower TNM stages (I and II), the crude HR was 0.46 (95% CI, 0.25--0.84; *P* = .11), the propensity score--adjusted HR was 0.71 (95% CI, 0.38--1.32; *P* = .263), and the propensity score--matched HR was 0.72 (95% CI, 0.37--1.38; *P* = .310). For higher TNM stages (III and IV), the crude HR was 0.52 (95% CI, 0.36--0.74; *P* \< .001), the propensity score-adjusted HR was 0.64 (95% CI, 0.45--0.91; *P* = .014), and the propensity score-matched HR was 0.69 (95% CI, 0.47--1.02; *P* = .060; Table [3](#T3){ref-type="table"}).

Patients who received propofol exhibited better survival than those who received desflurane, regardless of whether they underwent total or subtotal gastrectomy. For subtotal gastrectomy, the crude HR was 0.38 (95% CI, 0.25--0.57; *P* \< .001), the propensity score-adjusted HR was 0.60 (95% CI, 0.39--0.91; *P* = .016), and the propensity score-matched HR was 0.54 (95% CI, 0.35--0.83; *P* = .005). For total gastrectomy, the crude HR was 0.63 (95% CI, 0.40--1.00; *P* = .049), the propensity score-adjusted HR was 0.78 (95% CI, 0.48--1.24; *P* = .290), and the propensity score- matched HR was 1.02 (95% CI, 0.59--1.76; *P* = .939). Distant metastasis showed at the crude HR was 0.36 (95% CI, 0.25--0.54; *P* \< .001), the propensity score-adjusted HR was 0.53 (95% CI, 0.36--0.79; *P* = .002), and the propensity score- matched HR was 0.54 (95% CI, 0.35--0.83; *P* = .005; Table [3](#T3){ref-type="table"}).

In summary, the present study demonstrated overall better outcomes for propofol anesthesia, as shown in Fig. [2](#F2){ref-type="fig"}A, B and C.

![(A) Overall survival curves from the date of surgery by anesthesia type. (B) Overall survival curves from the date of surgery by anesthesia type after Propensity Score Matching. (C) Overall survival curves from the date of surgery by metastasis.](medi-99-e20714-g005){#F2}

4. Discussion
=============

This retrospective study included 408 patients who underwent elective gastric cancer surgery and evaluated the long-term survival of patients receiving propofol-based total intravenous anesthesia compared with desflurane-based anesthesia. Our results showed that propofol-based anesthesia improved survival and relatively reduced the risk of distant metastasis compared to desflurane-based anesthesia. Our study has considerable implications in relation to prognostic factors, indicating that the propofol-based anesthetic technique may have an early beneficial effect on long-term outcome after gastric cancer surgery. Our results are consistent with those of Zheng et al^\[[@R18]\]^, who reported that total intravenous anesthesia is associated with improved survival in gastric cancer.

Many studies have investigated the association between propofol anesthesia and gastric cancer surgery outcome. Yang et al^\[[@R20]\]^ reported that propofol exerts an inhibitory effect on the growth and survival of gastric cancer cells by interfering with the degradation of inhibitor of growth 3. In addition, Peng et al^\[[@R21]\]^ showed that propofol effectively inhibits proliferation and induces apoptosis of gastric cancer cells, partly due to the downregulation of matrix metalloproteinase (MMP)-2 expression by miR- 451. Moreover, Zhang et al^\[[@R22]\]^ found that propofol inhibits proliferation, migration, and invasion of gastric cancer MKN45 cells by up-regulating miR-195 and then inactivating the Janus kinase/signal transducers and activators of activation and nuclear factor kappa-light-chain-enhancer of activated B-cell pathways. The authors suggested that propofol could serve as an effective therapeutic medicine for gastric cancer treatment. Taken together, various in vitro studies have shown that propofol exhibits antitumor properties. In a clinical study with a large sample size (n = 897 per group), Zheng et al^\[[@R18]\]^ revealed that total intravenous anesthesia was associated with an HR of 0.65 after a multivariate analysis of known confounders in the matched group. In a multivariable analysis according to surgical specialty, the mortality of patients undergoing gastrointestinal surgery with VAs (isoflurane or sevoflurane) (44.2% \[223/504\]) was significantly worse than with total intravenous anesthesia (32.8% \[137/418\]).^\[[@R11]\]^ Previously, we have also reported that propofol anesthesia is associated with better survival in colon cancer surgery, irrespective of the TNM stage.^\[[@R23],[@R24]\]^

Only a few studies have been conducted to study the association between cancer cells and desflurane, especially gastric cancer cells. Müller-Edenborn et al^\[[@R25]\]^ showed that desflurane reduces subsequent migration of colon cancer cells in vitro through down- regulation of MMP-9. Woo et al^\[[@R26]\]^ also showed that leukocyte count is higher in the desflurane group than in the propofol group, 1 hour after induction and 24 hours postoperatively. The NK cell count is significantly reduced, 1 hour after induction in the propofol group, but not in the desflurane group. The authors suggested that desflurane anesthesia is associated with less adverse immune responses than propofol anesthesia during surgery for breast cancer.^\[[@R26]\]^ However, Iwasaki et al^\[[@R27]\]^ reported that desflurane increases the gene and protein expression of vascular endothelial growth factor-A, MMP-11, chemokine (C-X-C motif) receptor 2, and transforming growth factor beta-1 in ovarian cancer cells, and suggested that desflurane could enhance ovarian cancer metastatic potential. Therefore, the role of desflurane as an antitumor agent is still controversial, especially in gastric cancer and further investigations are needed to determine the role of desflurane as an antitumor agent.

The impact of anesthetic management on the recurrence and metastasis of cancer has been investigated, but previous studies have reported conflicting findings due to variations in protocols, experimental environments, and subject species. These include variations in the type of surgery, blood transfusion, hypothermia, and evaluation of postoperative complications. Surgical stimulation may affect cancer immunity during the perioperative period by releasing tumor cells into circulation, suppressing the cellular immune system, and augmenting angiogenesis.^\[[@R28]\]^ The number of circulating cancer cells before and during surgery has been shown to be a strong predictor of recurrence.^\[[@R29]\]^ These discrepancies can be explained by various factors influencing the immune system during the perioperative period. In the present study, we considered a wide range of aspects of perioperative care, including the use of opioid analgesia and regional anesthesia, since these may also alter the immune response and influence cancer recurrence, and thus, survival. Opioids are currently a major component in the management of both perioperative and acute postoperative pain. Opioids play an important role in physiological and pathophysiological processes, including inflammation, tumor growth, and metastasis. Many studies have evaluated the correlation between opioid receptors and tumor progression. Nguyen et al^\[[@R30]\]^ showed that morphine promotes the development of established tumors by increased μ-opioid receptor expression, and impairs survival in transgenic mice with breast cancer. In a review article, Liang et al^\[[@R31]\]^ concluded that the role of opioids in immune function involves various complicated mechanisms, such as their effect on tumor progression.

Chester et al^\[[@R32]\]^ reported that NK cells directly exert cellular cytotoxicity against local tumor growth and metastasis, but this may be related to the dose of opioids. The κ- opioid receptor ligands act as anti-angiogenic factors to directly regulate the growth of normal and neoplastic cells by modulating the pro-oncogenic vascular endothelial growth factors and epidermal growth factor receptors, resulting in inhibition of tumor growth.^\[[@R33]\]^ In our study, fentanyl was administered to the patients intraoperatively and postoperatively; compared with that used in other studies, we used relatively small doses and did not observe any deleterious effect of perioperative opioids on the recurrence and metastasis of gastric cancer. This suggests that the result of opioid- induced immunomodulation is affected by the type of surgery and cancer, and dose of opioids,^\[[@R34],[@R35]\]^ and further investigations are needed.

NSAIDs inhibit prostaglandin synthesis via inhibition of cyclooxygenases, and have been shown to be safe in the perioperative setting, reducing post-operative prostate cancer metastases and mortality.^\[[@R36]\]^ Forget et al^\[[@R37]\]^ showed that intraoperative use of ketorolac or diclofenac in patients with breast cancer was associated with prolonged disease-free and overall survival, particularly if administered shortly before the surgery. In our study, postoperative administration of NSAIDs had no effect on the outcome, recurrence, or metastasis, and further investigations are needed.

Our study has certain limitations. A retrospective study may have uncontrolled and unrecognized biases. Moreover, the choice of anesthetic drugs depended on the anesthetists' preference. A previous study has shown that perioperative blood transfusions might promote cancer cell growth.^\[[@R38]\]^ Information regarding blood transfusion was incomplete in our medical records. However, in our clinical practice, the frequency of perioperative blood transfusion is very low (less than 1%). There were more patients with an ASA score of III or IV, metastatic cancer, and larger tumor size in the desflurane group; however, statistical methods can be used to control such variations, and we conducted propensity-score matching to address this issue. Finally, although the results for factors such as metastasis, TNM, and surgical type differed non-significantly between the groups (*P* \> .05), the trend of better survival in the propofol group should be noted.

In conclusion, the results of our study support the theory that propofol-based total intravenous anesthesia reduces the risk of recurrence and metastasis during the 5-year follow-up period after gastric cancer surgery.
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